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Technical field of the invention: 

L h ZTl! Wenti0n ^ ,0 n ° Ve ' C ° mP0Un<fa ,M ™ as Pnatmaceuricals. More 
pantcutariy the mvention relates to novel compounds fer s 

and ,n a preferred aspect for the use in x-ray Investigations. 9 

Background of the invention: 
« is Known from tne st a,e ot me art that va „ ou8 ^ 

3^,"* aS More parity they can be L, „ 

ST T 6 1 • imP6danC6 imaging 

models and specie heavy eiemems have po.en.ia. in fhe uae ae X-ray coml 
agents due to their high x-ray oonWatatttnuation, .. ^""ast 

hlw^'^f 9 PO,en,ia ' ly USe ' Ul * m "* are listed In table 1 

1'berof ' ^ 3 MriM °' -*-»»«- « X-ray attenuator 

• number of elements. The values are relafce values where the vafue of Iodine is set 
o one a. ,20 KeVelearon energy. The lastcolumn provldesthe relative X-*y 
atenuabons, where the X-ray attenuations of equal-sized spheres of .he dWeren. 

made on soluhone of equal weigh. ooncemraSone of the different elements and 
ca located based on the elements' denstty where th. value ,or one Iodine atom is se, 
to .J. The sphere .eased as an approximation of ttie disclosed compact cores 
Clusters in me nanometer range tend .6 adopt polyhedral shapes, as described by 
HL. Johnson, Atomlo and molecular clusters, pages 102-107. 



Tabte 1, 



Element 
I 


Relative '. 
molar; 

extinction 


Density of 
element 

g/m 3 


No. atoms in 
3 nm sphere 


helanve attenuation for 
equal sized spheres 




1 


.4.93 x 10 6 


330 ~ 


' 1 . • 


Ba 

Gd - 


1.4 . 


[ 3.59 xl0 b 


222 


0.94. 


Er. 
W 


.1.9 . 

2.2 

1.7 


7.90 x 10° 
9.07 X10 9 
19.3x10" 


427 ' 
451 .. 
.893 


2.45 

3.07 . 
4.59. 
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aaent" b" T* ^ ' ** ^ 6 ' en,9nte *» ™ « x -»* ""tras, 

agents based on (heir relative attenuation are Pi, w, U, and Au. 

One |m P ortant issue is the ooat of the e.ements. which eliminate platinum flol d 

erbiUm ' W< " Um ^ * e '** °' *»» ^ ™** - violates 

Uranium is no. considered to be a viable candidate because of me issue of possible 
^^onofdep^edu^mby^end^^^^;^ 

: u^u m ; h enceuranlu m ;isno,su, a b tef or,heuseaeanx.raycon fr as.a g en, In : 
add-on the metallic element chosen should no, be radioactive due to polie toxic . 
srde effects caused by the hazards of radiation,. . P toxrc 

Yet anomer factor is the toxicity of elements! mercur* thallium and lead, which 
• O™* 10 '™ « ~ This teaves tungsten and bi muth as • 

Nanopartlclea of rhetalHo tungsten are hence viable candidates as contrast agents for 
X-ray imaging. g,ven the high attenuation, iow.cos, and low toxicity. - 

However, nanopartlculate metallic tungsten is very reactive and nano-crystalllne- 
; tungsten powder igntes spontaneous in air. J. Matar. Res., Vol. 15, No. 7 Jul 2000 
pages 1564-1560 describes me formation oftungsten nahopartic.es from W(CO). H 
,s demonstrated tha, these nanoparticies must be Kept under an inert atmospheiao, 
.nitrogen gas p ,e venting me particles from a sponmneous reaction with air oxygen. 

Description of related prior art: 

Ndn-icnlc, lod.na.ed X-ray contrast agents dominate the diagnostic imaging field " 
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WO-03/07596, describes ,n one aspect the use of coated go,d pamcies as X-ray 
congas, agents. .„ a preferred aspeo, use of thioglucose as a coatlng-layer is 
descnbed and the parses are excreted fmm ». body ^ tho kldne ° ™ 
depending on ft. panicle efce. ,„ another asperating moietfee J ZlZ 
5 the coating for imaging of specific organs. 

Langmuir. Vol. ,5, Mo 1. 19 99 , 16 , pages 66-76 describes water-solubie mono-Paver 
protected goid clusters, a process for making such compounds and th / ^ 
oharacterisatfon. 

10 

^•B1-52V.977, EP-B1.577.675. •BMji-MI ,934 and EP.B1-876161 describe .he 
of tungsten su lp h,des, sulphates, oxides and iodides for X-ray irwes^ations 

15 There Is, however, sffll a need for new diagnose produce specifically ior the use as 
X-ray contrast agents witt, improved properties over existing contrast agents This • 

•Zr'-" * ~*« r^'-*.— '~ prope.es overJe^ng. 
. . . products regarding several, important characteristics. . 

20 Summary of the Invention: 

• ■ , h T W T*** bBe " that P^** based on nanoparfjculate . 
^nparirclescanbep^dedftafareusefuiaadlagnos, .-^h 

^sfen op«ona,,y mixed with Cher metallk, element wherein said core ie cold 
m a bydrophiiio layer. The coaling pasa^afes trie reactive surface o, the turrgsterf 
parifdeeto make ftem non-reaetive in air, solvents and when. administrated to ' 
subjects in-vivo and during the conversion and exoretion.. 

Detailed deeoription of the invention: 

The particle core acoording to the invention comprises the.metaHio element tungsten 
crthe me^lhceiemen, unmixed WW, Cher meteilie elemems. preferably^., a 
. ungsten content of 20-100 weigh, % or, more preferably wift . ^ 
50-100.welgb. % or, even more preferably whh a .ungsfen confer* C 85-100 weigh,. : 
/. or. especially preferably with » tungsferi content C 95-1 00 weight %. '. 



25 



35 



T 47 23186019 



No 


No 


Core . 


shells 


atom 


diameter 


■' i. 




(nm) 


15 . 


0,632 


2 . 


65 


1,264 


■■ .3 


. • 175 


1,896 


4 


359 


2,528 


• s 


671 


3,16 


6 


1105 


3,792 


7 


1695 


4,424 


8 


2465 


5,056 


. 9 


3439 


5,688 


1.0 


4641 


6,32 



In a preferred aspect of the Invention the tungsten metallic element core comprises 
between 15 and 5000 tungsten atoms and in a more preferred aspect the tungsten 
metallic element core comprises between 100 and 1500 tungsten atoms. 

Table 2 below Indicates, the size of particles packed in body centred cubic crystals 
Th.s table indicates the number of atoms in each particle and their size in nanometre 
(nm). 

Table 2. 

Core + coat diameter Coating 
. ( nm ) thickness 

. (nm) 

1,832 . 0,6 

2,464 . 
3,096 
3,728 • 
4,36 ' 
4,992 
• 5,624 
6,256 
' 6,888' ... 

. 7 ' 52 

The particle according to the invention has a diameter which is in the range of 
nanometres (nm). In a preferred aspect the diameter of the particle is between 1 5 

and 1 0 nm. In a more preferred aspect the diameter is between 2 and 5 nm 
Thissize is an important parameter because it decides how the particles are 
eliminated from the body. The kidney particle threshold is about 4 to 5 nm. It is 
preferred that the particles are excreted through the kidneys and not through the bile 
Parties of 4 to 5 nm size would have the advantages slow extravasation so it • 
would, at least for a time span sufficient for X-ray Investigations, function as a blood- 
pool contrast agent with the increased contrast of vessels over tissue that follows! 

In another aspect of the invention other heavy elements could be introduced to the 
tungsten metallic core.Thls could be done to improve stability, monodispersity, the 
synthesis and rate of formation of the core. In this aspect of the invention it is 
preferred to include a concentration of between 5-15 weight .% rhenium, iridium, ' 
niobium, tantalum or molybdenum either as a single element or as mixtures of these 
elements. It is well known that these elements are known to be miscible with 
tungsten and may be useful in this application. In a more preferred aspect it Is 
preferred to have a concentration of between 5-15 weight % rhenium or iridium either '" 
as a single element or as mixtures of these elements. Small amounts of the elements 
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rhenium and iridium improves the low-temoeraturo M > .. 
be advantageous ,or the properiles of theT ^ ^ " hlch may 

Wolf-Dleter -ru„ a lr "ano-partlcles. see Lessner, Erik; Schubert. 

Wolf Dteter. Tungsten propert.es, chemisby, teohnology of the element and 
^ ohemioa, compounds" Kluwer Aoademio, NY, 1999 ^ 2e aM pag9 ^ 

By the term metallic element Is meant a material that shows typical metollic 
propemes in me * phase. Some of these properties are h^etel^duCvfty 
h*h thenrna conduct, ductiiky, end reflectivity. They aro ,„ enects of 
extensive delocafisation of the electrons In me metoi lattice, which in turn makes me 
band-gapema. enough to be populated by thermal excitation. The me«,cm»l?L 

nti ap r ,n *• ran " * eizes * partd8s — *»» ^zr 

numbers of atoms ere In the range from tens to thousands of atoms. 

TWe is coated with a hydrophilio layer. The coating should be a layerof non- 
r™ °° mPriSing * *"* 8 " aCU ° n °' *« « Mrophific and 

- n^j-y to paeslvate me tungsten core since tungsten parocies 

aro h,gh,y reacve. This passivation takes piece on the surface o, me tungsten o*e 

eurfaceofme.ungstencore.inapreferredaspectmeboatlnglsamono-hyer 
"2 0mean ' n9fta, * e,hi * eSSO,,he ^-^onesing,emo,ecule.Such 

n TTT 0W ** can be made thinner . 

andy*h well denned propemes. „ ,e important wkh a thin layer coating since me 
efficacy depends on the number of tungsten atoms ma, oonsb'tute the partible and ,he 
^ d,ame,erpf the panicle islimited byme kidney excretion throehoid The orie ^ « 
mono moiecufer layer also provides improved comrol over soiubility and toxicology 
stnce there wtll be a well defined outer end of me.moleoule.where the solubilidng 
groups can be placed and an end facing and binding to the metal. . 

.^eraltomtula where A is one or more tongston coordinating groups . 

Z£2T?i ^ Table * L fe ^ W ^ BnWn9 ^ « ^ced 
St r V ^ °' m0rS hydraPhi " C SroUPS -leoted from ■ 

lanlL^n rT"" Preferably COmPr ' S6S any " Umbar « " a °™"* •»■» Tab.a 
4 amrnged Itneariy. branched or In one or moro rings : The brenching may be towaros 

the A group stde to create multidentate coatings or it may branch towards the M 
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group to create a higher degree of hydrophilicity. Branching in both directions is also 
an option. Linking fragments from Table 4 may be combined to phenyl rings or 
aromatic or non-aromatic heterocyclic groups, n is any positive integer and preferably 
1 to 10 or more preferably 1 to 4. o Is zero or any positive integer and preferably 1 to 
10 or more preferably 1 to 2. p Is any positive integer and preferably 1 to 10 or more 
preferably 1 to 4. The dotted line indicates for A a bond to the tungsten element a 
bond to an H-atom, a bond to the L-group. a bond to another A-group or a bond to 
the M group when o is zero. The dotted line indicates for L a bond to the A group, a 
bond to an H-atom, a bond to another L-group or a bond to the M-group. The dotted 
Bne indicates for M a bond to the L group, a bond to an H-atom, a bond to another M- 
group or a bond to the A-group when o is zero. , 
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Table 3, Metal coordinating groups A: 




.7 
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Table 4, Unking groups L: 

" c 



-N 



O 

11. 



o 



-si- 



Table 5, Hydrophilic groups IW: 



.OH 



,-COOR 



CONFlj ^,NRCONR 2 



,,SO a OH 



.-S0 2 NR 2 



.-OSb 2 OH 



„.OS0 2 NR 2 



PO(OR) 2 PO(NR 2 ) 2 r ,pPO(OR) 2 „OPO(NR 2 ) 2 



•NRg 



,--Si(OH) 3 



: .:si(bri) a 



}:sioH 



.10 The R . groups are independently any group(s) selected from H and a C-Cealkyl 
group optionally substituted by one or more -OH groups and where one or more of 
the C-atoms of the C,^ 6 alkyl group may be replaced by an ether group. 

In the.comparison of coated tungsten and coated gold particles any ligands, e g any 
1 5 sulphur ligands, in the. coating of the gold particles are exchangeable. This means 
that the binding between the surface of the gold particles and the coating is not 
strong and the coated gold particles will hence tend to have a long half-life in the 
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body because of exchange of the ligands in the coating with groups in the tissue e.g. 
protein suifhydry, group, This means that uncoated gold particles wi.. remain in the 
blood stream, see e.g. Hoste«er, M.J, Temp.eton, A.C, Murray. R.W; "Dynamics of 
Place-Exchange Reactions on Monolayer-Protected Gold Cluster Molecules" 
Ungmuir, 1999, 15, 3782-3789. The long half-life in the body is not desirable 
because this could lead to higher toxicity and the long half-life is not at all an 

Z^*JTl inVeStjgatl0nS ' H ° WeVer f ° r ^s«en partic.es of this invention 

surface of the tungsten core will be more irreversibly bound to the ligands of the 
coat,ng layer and hence they will have low affinity for the tissue. Accordingly the 
coated tungsten particles will be excreted faster via the kidney, . 

: A comparison of performance of the particles according to the invention to a . 
monomeric iodine contrast agent has been calculated. 

The viscosity of particles of the invention: 
■ The volume fracUon of the contrast agent fopamidol h an aqueous solution at 350 
mg lodme/ml is 0.26 and the Viscosity is 7.6 mPas at 37=0. Assuming that we can 
use the same volume tartan*. 0.26 for the partfcfee acoordhg to the invention 
where the vfseosity of the solvent = 0.653 1 «r> Pas for water a. 37=0, the visoosity 
n ..of such solution at 37=C would then.be: 

tl = % expff s>/(l -0.75<5)]= 1.46 mPas (I) 

(see "The viscosity of a concentrated suspension of spherical particles" Mooney M J 
Colloid. Sol. vol. 6, page 162, (1951)). This viscosity is very low for such a high 
concentration of particles and relies on the assumption that it is a solution of rigid 
spheres. This viscosity is also low compared to the viscosity of iodinated X-ray 
. contrast agents.. . - . 

The X-ray attenuation aspect of the invention: . 

in table 2 it is indicated that particles with a diameter of less than 5 nm can contain ' 
more than 1000 core atoms. This means that it is possible to make a sdution with a 
h.gh concentration Cf tungsten atom, Further this Indicates that an improvement in : 
X-ray attenuation over commercially available X-ray contrast agents can be 
achieved. 
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The particles of the invention are preferably administrated as a pharmaceutical 
formulation in a form suitable for administration to a mammal, such as a human. The 
administration is suitable earned out by injection, infusion or oral use of the 
formulation such as an aqueous solution. The formulation may contain one or more 
5 pharmaceutical acceptable additive and/or excipients. 

The cores of the particles according to the invention can be prepared by a reduction 
of tungsten ions to form metallic tungsten and formation of nano-sized particles This 
formation of particles demands strict control of the growth of the particles during the 
reduct.cn. This control can be accomplished by the use of a compound that reacts 
w.th, andattaches itself to the metal surface of the cores. The metal / surface-binding 
compound ratio determines the size.of the particles. . 

The particle can also be prepared e.g. according to Langmur, Vol. 15, No. 1, 1999 
page 66-76. This article describes a process for the preparation of mono-layer ' 
protected gold particles and this process can be used by choosing an appropriate 
tungsten metal-source known to the skilled man. As is well known in the art it is 
possible to influence the size of particles by adding surfactants to the reaction 
mixture. 

. . Alternatively the preparation can start from a source of tungsten (0) such as W(CO) e 
, which in one or more steps is converted to coated metal particles by the controlled ' 
displacement of the carbonyi ligands. 

25 The invention will hereinafter be illustrated with the non-limiting examples: . 

Example 1 : Preparation ot tungsten nano-particles by reduction in an organic 
solvent 
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The reaction is performed under inert gas. A tungsten compound (e.g. WCI 8 ) and a 
coating where reactive sites are protected by- protection groups are dissolved in an 
aprotic, water immiscible organic solvent and a soluble reduction agent is added. 
After the reaction is complete: water and organic solvent are added and the phases 
are separated. The organic layer is washed with water and evaporated to a small " 
volume. A large exoess of ethanol/water is added and the solids are allowed to 
precipitate. The solids are filtered off and the dissolution, precipitation procedure Is 
repeated once more. The particles are dried in vacuum. 
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The protecting groups are removed by a suitable procedure. If necessary the solution 
» desalinated by dialysis, size exclusion chromatography, or some other suitable 
technique. The final product is typically obtained by freeze drying. 

Example 2: Preparation of tungsten nano-partlcles by reduction in water 

A water-soluble tungsten compound e.g. sodium tungstate and a coating molecule 
are dissolved in deoxygenated water under an inert atmosphere. The pH Is adjusted 
to a desired value. This solution is then added to a vigorously stirred solution of 
reducing agent in degassed water. After complete reduction, the solution is reduced 
in volume, desalinated by dialysis and then freeze dried to give the final product 

Example 3: Preparation of tungsten nano-particles by reduction in inverse 
micelles 

An aqueous solution of a water soluble tungsten compound, e. g. sodium tungstate 
adjusted to a desired pH is introduced as the aqueous phase into an inverse micelle 
m an organic solvent by the addition of a large fraction of surfactant. A similar inverse 
m.cel!e formulation of an aqueous reduction agent is also made. The tungsten 
containing liquid is added to the reduction agent. Coating molecules are added After 
equilibration, water is added to break the emulsion: The aqueous phase is collected 
and the organic phase is washed with two more portions of water. The collected 
aqueous phases are reduced in volume and desalinated by dialysis! The aqueous 
solution is then freeze dried to give the final product. . 

Example 4: Preparation of tungsten nanoparticles by decomposition of a 
tungsten (0) complex 

A thermally labile W(0) complex, e.g. W(CO)6 Is decomposed in an inert, high boiling 
solvent, e.g. cyclooctane. in the presence of coating molecules where reactive sites 
are protected by protection groups, e.g, hexylacrylate. After completed reaction, a 
polar solvent such as ethanbl is added; the black powder is filtered of and washed. 

The protecting groups are. removed by e.g. hydrolysis or other suitable procedure 
The solution is reduced In volume and desalinated. The aqueous solution is then 
freeze dried to give the final product. 
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Example 5: Synthesis of N,N.bis(2-hydroxyethyl)acrylate-coated tungsten 
nano-particles 

The reaction is carried out under air free conditions. Tungsten hexacarbonyl and 
N,N-bis(2-<iimethyl-tert-butylsilylo)cyethyl)acrylate are dissolved in cyclooctane and 
heated to reflux for 12 hours. Most of the solvent is removed in vacuum and the black 
residue is washed three times with methanol. 

The protecting groups are removed by hydrolysis in 10% aqueous formic add. The 
liquids are evaporated, the residue dissolved in water and taken to dryness again 
The product is formed as a black powder, wherein the coating layer comprises the 
molecule H 2 C=C-CO^N (CH a -CH 2 OH) 2 ; 



Claims 



1 • A partjde comprising a core of .he metalUc element tungsten oprionally rnbred 
wrth omer metallic sl emen,s herein said core is coated with a hydrophiiic layer. 

2. A particle as claimed in claim 1 wherein said core comprises 20-100 weight % 
tungsten. 

3. A particle as claimed in claims 1 or 2 having a diameter between 1.5 and 10 nm. 

4. A partlcle as clalmed |n c|a|m 3 hav|ng a d|ameter betw ^ n 2 ^ ^ ^ 

5. A particle as claimed in any of the claims 1-4 wherein said core comprises 
between 15 and 5000 tungsten atoms. 

6. A particle metallic element cere as claimed in claim 5 wherein said core 
compnses between 100 and 1 500 tungsten atoms. 

• * • • 1 1 

7- A particle as claimed in any of the claims 1-6 wherein said hydrophiiic layer ■ 
comprises at least a fraction of molecules that are hydrophiiic. 

8- A particle as claimed in. any of the claims 1-7 wherein said hydrophiiic layer 
. comprises molecules that each has at least one hydrophiiic group. ; 

9. A particle as claimed in any of the .claims 1-6 wherein said core is coated with a 
mono-layer coating. 

tne core. ■ 57 

• . *'.■■"■ <ii- 

1 1 • A particle as Calmed in claims 9-1 0 wherein the mono-layer coating comprises 
compounds of formula A n:U - Mp , where A is one or more tungsten coordinating 
groups, L is one or more linking groups and M is one or more hydrophiiic groups 
n and pare positive integers and o is zero or a positive integer. • . 

1 2. A diagnostic agent comprising a particle as claimed in claims 1-11. 
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13. Aii X-ray contrast agent comprising a particle as claimed in claims 1-11. 

14. A pharmaceutical acceptable formulation of particles as claimed in clam 1 -1 1 for 
the use as a contrast agent. 
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Abstract: 

The present invention relates to novel compounds tor use as pharmaceuticals. More 
particularly the invention relates to novel compounds for the use as diagnostic agents 
and in a preferred aspect for the use in X-ray investigations. The novel compounds 
are particles comprising a core of the metallic element tungsten optionally mixed with 
other metallic elements wherein said core is coated with a hydrophilic layer. 
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